In a group of chronically dysphonic patients, a voice range profile, or phonetogram, was recorded before and after receiving voice therapy and again 3 months later. The voice range profiles took a wide variety of shapes. Therefore, only measures that did not depend on a smooth contour could be used to describe changes before and after therapy. The main effect of voice therapy was an enlargement on the side of low frequency and low intensity.
INTRODUCTION
The voice range profile (VRP), or phonetogram, describes the laryngeal possibilities with respect to fundamental frequency and sound intensity. 1, 2 The maximal intensity range of sound production as a function of the fundamental frequency in the range at which the vocal folds vibrate is visualized on a two-dimensional surface. Generally, the VRP is determined by requesting the subject to generate sound by producing a sustained vowel at both maximal and minimal intensity for all possible fundamental frequencies. A closed contour can be constructed by connecting the points of maximal and minimal intensity. The use of a VRP is usually associated with the assessment of the singing voice, but it might be useful to evaluate the effects of voice therapy as well. For example, a larger surface area of the voice range profile area may indicate improvement in voice capacities and therefore be considered a positive effect of therapy.
In the literature, significant differences have been found between healthy and dysphonic subjects. Some authors provide averaged data on a variety of phoniatric disease groups, 3, 4 pathologies such as vocal nodules, 5 superior laryngeal nerve paresis or paralysis, 6 or nonorganic dysphonia. 7 Airainer and Klingholz 8 showed how the computer-aided evaluation of voice range profiles can help distinguish types of functional dysphonia. These data suggest that the VRP can indeed be useful to detect improvement due to voice therapy.
In order to compare voice range profiles before and after voice therapy, the recording must be reproducible. To that end, several studies have documented the variability or stability of voice range profiles in healthy subjects. [9] [10] [11] [12] [13] Sihvo et al 13 found that the standard deviations of intrasubject sound level variations within a series of consecutive phonations were 3 dBA in the loudest phonations and between 3 and 5 dBA in the softest ones, depending on pitch. When phonating at the same pitch ten times in succession prior to the next target tone, the intrasubject sound level variation was 2 dBA in soft and 1 dBA in loud phonation. These last findings are within the 2-to 3-dB difference that can be expected in successive trials, according to Coleman. 14 The total fundamental frequency range may vary as much as plus or minus 1 to 2 semitones in retesting over a period of maximally 1 year. [9] [10] [11] Other studies have investigated sources of variation such as methodological variables 15, 16 or spectrum factors. 17 Very few studies have considered the variability in the voice range profiles of patients with voice problems, however. One of these, by Kotby et al, 18 concerned fundamental frequency stability in patients with functional dysphonia. Another, by Gramming et al, 19 included a subgroup of patients with nonorganic dysphonia in an investigation of short-term voice SPL variations. Furthermore, data on test-retest mean differences in the frequency range and the upper and lower contours of the VRP, as reported by Behrman et al 20 for a small group of dysphonic patients undergoing laryngeal surgery, are in conformity with data on variability in healthy subjects. From these data on variability, the magnitude of the changes that are necessary in order to detect improvement in a VRP can be derived.
The VRP was used to describe the effect of diverse kinds of treatments. For example, the results of laryngeal surgery were evaluated by Behrman et al, 20 Ikeda et al, 21 and Uloza and Ä iupšinskiene; 22 the results of radiotherapy on early glottic cancer were evaluated by Verdonck-de Leeuw et al., 23 the outcome of treatment with medication was evaluated by Pedersen, 24 and the effects of training on the singing voice were studied by Klingholz 25 and Sulter et al. 26 Only in some cases did these papers describe improvements in the VRP, and the data were generally not statistically tested.
In contrast to the therapeutic procedures covered in the above-mentioned studies, phonetography has rarely been used to evaluate the effects of logopedic voice therapy in dysphonic subjects. SchulzCoulon 27 gave some clinical examples of voice range profiles measured before and after voice therapy. Other reports on single cases, describing just one subject, are more common (see for additional references, Heylen 5 3 was concerned with changes after therapy in adult voice patients. In that study, phonetography formed part of a larger multidimensional assessment protocol covering diverse therapies. Although changes in the voice range profile were measured on several parameters, a subgroup of patients with vocal fold nodules showed no significant changes after voice therapy. 3, 28 In another study, Å kerlund 29 looked for changes in nonorganic dysphonic patients; significant changes were evident in averaged phonetogram contours per gender, both before and after voice treatment. Female subjects achieved higher sound levels after therapy, as reflected by the elevation of the upper phonetogram contour. Male subjects displayed a lowering of the minimal intensity contour. This study of the clinical usefulness of the VRP was extended to include the assessment of voice therapy in patients with a more diverse pathology as compared to the earlier studies described in the literature. An intriguing issue is how to compare voice range profiles with each other. Voice range profiles are rather difficult to use when comparing pretreatment and posttreatment data or different groups of subjects (normal versus pathological voicing). The difficulty lies in the two-dimensional data structure: frequency by intensity. In the absence of parameters describing the voice range profile as a whole, it is difficult to compare one voice range profile with another as well as to determine standard values for voice range profiles. 30 To overcome this obstacle, various authors have proposed methods for recording and analyzing voice range profiles. [30] [31] [32] A more extensive survey of the literature on voice range profiles is found in Heylen. 5 Parameters derived from the voice range profiles can be robust and simple: for example, the maximum and minimum of the frequency and intensity range and the area. These parameters can be computed for any VRP irrespective of its shape. Several studies have applied these measures (see, for example, Ikeda et al, 21 Heylen, 5 and Sulter et al 30 ). Some authors calculated specific data points such as the so-called center of gravity; this refers to the coordinate of the median semitone note and the median intensity. 12 Others performed a regression analysis in order to characterize the overall slope of the voice range profile. 30, 32 Slopes fitted to parts of the highest and lowest intensity contour were proposed by Orr et al 33 These measures require the VRP to be more or less smooth in shape. Otherwise, the result of the computation will be meaningless. The VRP had to meet even higher standards of shape and quality for the computations introduced by Klingholz and Martin. 32 They fitted two or three ellipses to the contour of the VRP in the frequency range of the chest and falsetto register or to the chest, middle, and falsetto register. Measures that require smooth, well-shaped VRPs stand in contrast to measures that characterize the irregularity of the contour. Sulter et al 30 introduced such measures as contour regularity and a description of the irregularity by means of Fourier descriptors. Eichel 34 suggested a combination of distances from the comfortable F 0 and intensity point to the contour of the VRP in the direction of lower or higher frequency and intensity.
Measures that require a smooth VRP contour may not be suitable for the description of pathological VRPs. The shape of the VRP in patients with severe pathology of the vocal folds may deviate sharply from the shape of the VRP of a normal voice. Therefore, to describe the effects of voice therapy in patients with a dysphonic voice, it is preferable to use robust and simple VRP parameters that are not very sensitive to the irregularity of the VRP profiles.
This study has two objectives. The first is to investigate which parameters in the voice range profile of dysphonic patients show significant changes after voice therapy, and therefore may in general be useful in an assessment of voice therapies. In order to get a clinical useful result, patients with diverse pathology were included in the study. The second is to determine the size of the demonstrated effects and how these might relate to phoniatric diagnoses.
METHODS

Subjects
Patients participating in this study were selected according to the following criteria. All patients had to suffer from chronic dysphonia. The chronicity of the dysphonia was assumed by an early onset of the dysphonic problems of at least 4 months before visiting an ENT-specialist/phoniatrician. The exact medical diagnosis had to be demonstrated by a comprehensive phoniatric investigation. Patients under 18 years of age were excluded from participating in this study because of possible problems of voice maturation or mutation. Other exclusion criteria were coexisting speech or language disorders but also malignant or premalignant lesions, hormonal voice disorders, laryngeal papillomas, substitution of voice after laryngectomy, and spasmodic dysphonia or psychogenic dysphonia. Pretherapy and posttherapy data on 17 subjects were incomplete as a result of technical problems (N ϭ 8), extreme deviant voice quality (N ϭ 5), or problems in scheduling appointments (N ϭ 4). Of the original 79 subjects, 62 thus remained in the study, having both pretherapy and posttherapy VRPs available. Out of those remaining, 47 subjects were willing to return to the hospital for follow-up measurements. Table 1 shows the frequency of the etiologic categories as diagnosed by a phoniatrician. The group of patients enrolled in the study comprised 28 men and 34 women, with an age range from 18 to 76 years. The average age for the female participants was 40 and for the male subjects was 48 years.
Together, the subjects reflect the diversity of laryngeal pathology in chronic dysphonia as found in a clinical setting. On the basis of this representative sample, the present study evaluates the overall effects of voice therapy in clinical practice. Before therapy onset (baseline period), speech samples were collected on 3 different days within 6 weeks. No significant systematic differences in jitter, shimmer, and noise-to-harmonic ratio among these baseline measurements could be demonstrated. As no significant changes were found, the assumed chronicity of the voice problems was confirmed.
Procedure
If the phoniatrician considered voice therapy to be indicated, the patients were referred to speech therapists in their residential area. The indications for referral included trial therapy and presurgical voice therapy. The general elements of logopedic voice therapy included voice hygiene advice, exercise training, and integration of the newly obtained vocal behavior in spontaneous voicing and speaking. The patients received voice therapy that was adapted to their individual needs and voicing possibilities. No special instructions were given on type of voice therapy. In order to avoid a therapist-related effect, no more than two patients were referred to the same therapist. A total number of 68 speech therapists participated in this study. The therapy lasted at least 3 months and was given for 30 minutes twice a week or 60 minutes once a week. If necessary according to the ORL-specialist/phoniatrician, the patients were treated during a second period of 3 months for either 30 or 60 minutes per week.
A voice range profile was made prior to initiating and after finishing voice therapy as well as after a period of 3 months of no therapy, the so-called follow-up measurement. An automated procedure for obtaining a voice range profile was used (Pabon phonetograph 35 ; Laryngograph Ltd, London, UK). During phonation, each intensity-frequency combination produced by the patient is recorded with a resolution of 1 dB by one semitone. The result is directly displayed on a monitor in a VRP chart. During the recording session, the patients could observe their performance on the monitor. Although, the Pabon phonetograph can produce a so-called filled VRP, only the minimum and maximum contour of the voice range profile was used. Patients were instructed to phonate using a sustained vowel /ɑ:/ as loud and as soft as possible over the maximum frequency range that could be produced by the patient. This way, all frequencies could be assessed. In order to motivate patients to perform to their maximum capacity, the investigator provided verbal support and auditory examples if necessary.
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The phonetograph used in this research allows the clinician to adjust the acceptation threshold based on the level of jitter. 36 The equipment will not accept voices with jitter at a higher level than the chosen threshold value; therefore, those utterances will not be registered in the voice range profile. All recordings of the VRP are made using the same threshold level corresponding to normal voicing. This procedure guarantees that only quasi-periodic signals are used.
Analysis
Four groups of parameters were used in determining the effects of voice therapy: minimum and maximum contours, surface areas (integration of the intensity interval per semitone), slopes determined for several parts of these contours, and overall measures (see Table 2 for the exact definitions). The contours of the voice range profile were measured in terms of the minimum frequency, the maximum frequency (both expressed in semitones), the softest intensity, and the loudest intensity. Within the voice range profile, various surface areas were determined: the total area, the area around the speaking frequency, and the areas below and above the speaking frequency area. These last surface areas were determined over the full as well as over a restricted frequency range next to the speaking frequency area. The speaking frequency was determined by means of acoustic analysis (Multi Dimensional Voice Program; Kay Elemetrics Corporation, Pine Brook, New Jersey). That analysis used the midsegment of a reading text that had been recorded during the same sessions at which the voice range profiles had been made. The mean value of the speaking frequency of both sessions was used for the comparison of two VRPs. Four slopes were calculated: the overall slope of the average minimum and maximum contour for the full frequency range and three slopes fitted to the contours of the VRP. These slopes were the slope of the maximum intensity contour below the speaking frequency, the slope of the maximum intensity contour above the speaking frequency, and the slope of the minimum intensity contour. If there was a jump in the contour of more than 10 dB, the semitone preceding this change was considered as the final frequency when calculating either one of the last two slopes. Furthermore, three overall and minimum intensity contour surface area around the SF surface are between the maximum and minimum intensity (speaking frequency area) contour for a limited frequency range: two semitones above and two semitones below the semitone in which the SF, resulting in an interval of five semitones surface area below the SF area surface area between the maximum and minimum intensity contour for a limited frequency range: starting at three semitones below the SF up to the lowest semitone surface area above the SF area surface area between the maximum and minimum intensity contour for a limited frequency range: starting at three semitones above the SF up to the highest semitone restricted area below the SF area surface area between the maximum and minimum intensity contour for a limited frequency range: starting at three semitones below the SF up to the six semitone below the SF restricted area above the SF area surface area between the maximum and minimum intensity contour for a limited frequency range: starting at three semitones above the SF up to eight semitone above the SF Slopes overall slope slope of the average minimum and maximum contour for the (dB/semitone) full frequency range slope of maximum intensity frequency range: minimum frequency plus one semitone up to contour below the SF and including the SF slope of maximum intensity frequency range: SF up to and including the semitone with max. contour above the SF intensity. If the maximum contour drops 10 dB or more, this semitone is the last point of the frequency range slope of minimum intensity contour frequency range: one semitone above lowest frequency up to two semitones below maximum frequency. If an increase of more than 10 dB occurs in the contour, the range stops before the increase Overall mean dB range (dB) mean of the intensity ranges for all semitones in the VRP measures median frequency (Hz) median frequency for the full frequency range median intensity (dB) median intensity for the full intensity range contour regularity total surface area divided by the squared perimeter and standardized to the result for a circle SF ϭ mean speaking frequency determined for each patient individually from text reading.
measures were calculated: the mean intensity range for the full frequency range, the median frequency and median intensity for the full voice range profile, and the contour regularity as defined by Sulter et al.
30
Wilcoxon signed-rank tests were used to test for systematic differences between pretreatment and posttreatment data as well as between posttreatment and follow-up data. Apart from the tests using all subjects, tests were performed for the two genders 
RESULTS
In many of the dysphonic patients, the voice range profile did not have a smooth, oval contour as described in many studies on healthy subjects in the literature. This study on dysphonic patients found diverse shapes of VRPs, including normal shapes but also long-drawn-out, triangular, or irregular forms (see Figure 1 ). VRPs with a smooth contour resembling the normal shape were found in about 40% of the patients. In another 40%, the VRP showed a long, narrow extension in the higher frequency range ( Figure 1C) , which presumably corresponds to the restricted dynamic voice possibilities in the falsetto register. In five cases, the high-frequency part was not connected to a main body of the VRP. In some cases, a sudden change in intensity was found at a frequency where no change in register was to be expected. In certain patients, a drop in the minimum intensity contour occurred at one specific frequency. The last three possibilities were observed among roughly 20% of the patients. The VRPs of those 20% differed from the VRPs of the rest in having a low contour regularity (see Table 2 for a definition). The optimal threshold was 0.19, differentiating VRPs with more or less smooth contours ( Figure  1A , B, C) from VRPs with irregular contours (for example, Figure 1D ) or VRPs consisting of more than one closed contour. Table 3 shows the median as well as the 25th and 75th percentiles for the pretherapy data and the corresponding figures for the posttherapy data. For all patients (N ϭ 62), the pretherapy data were compared to the posttherapy data with a Wilcoxon signed-rank test. After therapy, the following significant differences at a p level of less than 0.01 were found: a decrease in minimum frequency and softest intensity, and an enlargement of the total surface area of the VRP and the speaking frequency area as well as both surface areas below the speaking frequency area. Furthermore, the slope of the maximal intensity contour above the speaking frequency proved to become less steep. Although many variables were tested, the size and p levels of the significant differences indicate that there is a real overall significant effect. Even a simple Bonferroni correction ( p Ͻ 0.05/18) leads to an overall significance level of p ϭ 0.05. In general, the low-frequency part and the speech range of the VRP are larger after therapy. The significant decrease of the slope on the maximum intensity contour above the speech frequency has no direct clinical implications.
Pretherapy and posttherapy data
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Bivariate Spearman correlation coefficients for the parameter differences between posttreatment and pretreatment data were low (R Ͻ 0.6), except for pairs of parameters that were obviously related: the full and corresponding restricted surface areas (R Ͼ 0.72), the maximal frequency and median frequency (R ϭ 0.81), and the mean intensity range and total surface area (R ϭ 0.67). The total surface area was only highly correlated with the area above the speaking frequency area (R ϭ 0.91). The mutual correlations between the extreme points of the VRP were all below 0.30. The correlations of these points with the surface areas were generally lower than 0.61. The exceptions were the correlation of the minimal frequency and the surface area below the speaking frequency area (R ϭ Ϫ0.77). The generally low correlations indicate that many different changes in the VRP are possible. In other words, the effect of voice therapy on the VRP is multidimensional. The multidimensional character was confirmed by factor analysis based on the Spearman correlations, which yielded six factors explaining 82% of the total variance when all parameters were used. When using only the parameters that were significantly different for the pretherapy and posttherapy data, two factors were found to explain 66% of the variance. After rotation, the change in the lowest frequency and the areas below the speaking frequency range were found in one of the factors. The change in the minimal intensity and the speaking frequency area loaded highly on the second factor.
A second analysis was performed to check for a possible influence of voice range profiles with irregular contours on the overall results. All subjects showing a contour regularity of less than 0.19 in either one of the pretreatment or posttreatment voice range profiles were excluded, leaving 43 subjects. The tests with these patients revealed significant differences in the same parameters as found in the whole group. Despite the lower number of subjects, higher significance levels were reached (all p Ͻ 0.003).
As therapy effects may depend on gender, separate analyses were performed for men and women. Men (N ϭ 28) showed a significant decrease in minimum frequency, softest intensity, and median frequency (all p Ͻ 0.01). The total surface area was enlarged ( p Ͻ 0.02), as were the full ( p Ͻ 0.01) and restricted ( p Ͻ 0.02) areas below the speaking frequency. For women (N ϭ 34), the only significant enlargement of the surface area was around the speaking frequency ( p Ͻ 0.03). The slope of the maximum intensity contour above this frequency was less steep for women ( p ϭ 0.000). The therapy effects were similar for both sexes, although they were clearly more pronounced in men. Only the therapy effect in the slope on the maximum intensity contour above the speaking frequency was significantly different in men and women. This effect is only found for women. Men and women were distributed more or less evenly over the diagnostic categories, with the exception of vocal fold nodules (N ϭ 7) and polyps (N ϭ 5), which comprised women. Therefore, the statistical procedure for the women was repeated excluding these two categories. The demonstrated effects of therapy were similar to the results of the analysis that included all diagnostic categories.
No obvious differences in therapy effects were observed for the diagnostic groups when analyzed Journal of Voice, Vol. 17, No. 4, 2003 separately. Figure 2 shows the differences between posttreatment minus pretreatment data per diagnostic category for the total surface parameter. Although several diagnostic groups comprised a small number of patients, tests were performed for each of the diagnostic groups separately. Only in the groups containing patients with slight and severe vocal fold abnormalities (N ϭ 23 and 11) were significant differences found for most of the parameters that were significant when the analysis included all patients. Patients with paralysis showed no beneficial changes. In the other groups, about 70% of the patients showed improvement in the parameters that had changed significantly when tested for all patients.
Posttherapy and follow-up data
The number of patients who came back for a follow-up measurement (47) was lower than was the number enrolled in the study (62) . Differences between the posttherapy data and the follow-up data were statistically analyzed (see Table 4 ). Including all 62 subjects, a significant change in maximum frequency ( p Ͻ 0.05) and loudest intensity ( p Ͻ 0.01) could be demonstrated. The total surface area as well as the surface area above the speaking frequency showed an enlargement (respectively, p Ͻ 0.05 and p Ͻ 0.01). The mean intensity range was broadened, and the median frequency was heightened. The significant changes between pretreatment and posttreatment data mainly occurred at the softer, lower region of the voice range profiles. The overall differences between posttreatment and follow-up data appeared in the maximum intensity contour at higher frequencies. If patients with a severe irregularity in either one of the voice range profiles (contour regularity Ͻ 0.19; N ϭ 15) were excluded, no significant difference was left. This finding suggests that the improvement found for the high-frequency characteristics is mainly due to the patients with irregular VRPs. However, the percentage of patients with irregular VRPs in whom the high-frequency part in the follow-up measurement increased (about 85%) was only slightly larger than that found for the other patients with more regular VRPs (about 65%).
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The influence of gender was diverse. Men (N ϭ 23) showed an increase in their loudest intensity level and mean intensity range ( p Ͻ 0.05), as well as an enlarged total surface area and surface area above the speaking frequency. Women (N ϭ 24), however, showed a decreased minimum frequency ( p Ͻ 0.05). When the diagnostic groups containing just women (N ϭ 8) were excluded, the softest intensity proved to be significant as well ( p Ͻ 0.05). These two effects were earlier noted in men when comparing pretreatment versus posttreatment data.
Testing the effects for each diagnostic group separately did not result in any significant difference. Figure 3 shows the changes between follow-up and posttherapy data per diagnostic category for the total surface parameter.
DISCUSSION AND CONCLUSION
One of the main drawbacks of using voice range profiles of dysphonic patients is the diversity and irregular shape of the VRP contours. Although most voice range profiles in this study showed regular, more, or less smooth contours, there were also many exceptions. Some subjects had separated voice areas in the VRP, jagged boundaries of the lower or upper contour, or restricted dynamic falsetto phonations. Because of this diversity, parameters that require more or less smooth VRP contours are not suitable for studying dysphonic patients. Therefore, in re search on dysphonic patients, robust and simple VRP measures should be used to describe the effects of voice therapy. From a physical point of view, the recurrence of irregular contours in the VRP of dysphonic patients is not remarkable. Many of the abnormalities in those patients are characterized by local changes in the mass or elasticity of the vocal folds. The vibration pattern of the folds will be influenced by these irregularities and may result in complex vibration modes. This may explain that in some VRPs in a small frequency band, a much larger intensity range was found than for the frequencies outside this band. voice range profiles, specifically, the use of automated or clinician-elicited voice range profiles. 37 The main problem is when to accept a certain phonation as an adequate data point in the VRP. Titze et al described a so-called acceptability criterion in terms of stability as a required minimum number of repetitions with a certain maximum amount of variation in intensity and frequency between these repetitions. When the clinician records the VRP manually, the criterion for accepting a maximum or minimum intensity point will be subjective. In the Pabon phonetograph, a fixed jitter threshold for accepting data can be set. As a measurement is rejected when the jitter of the voice exceeds this threshold, the criterion for accepting a point in a VRP will be more objective.
Jitter may be relatively high at the extremes of the possibilities of a voice, and therefore, the contours of the VRP may depend on the jitter threshold used. With a lower threshold, a larger VRP may be found because more voicings will be accepted. Another effect of the jitter threshold may be a slight arbitrariness about whether a phonation is accepted. When the jitter values at the maximum or minimum intensities are near the jitter threshold, small differences in jitter will determine whether a point in the VRP is accepted. When such small differences in jitter occur for neighboring frequencies, an irregular shape of the VRP contour may result. However, when a subject reaches a certain intensity/frequency point more than once, this effect will be reduced. The use of the jitter threshold may have influenced the therapy effects by a change of the amount of jitter at the borders of the VRP before and after therapy. However, it is questionable whether the jitter at a new margin of the possibilities of the voice will be very different.
The main finding after voice therapy was an enlargement of the VRP in the low-frequency range. This effect was revealed by a lowering of the minimal frequency and intensity, an increase in the surface areas below the speaking frequency, and consequently an increase in the total surface area. The restricted areas on both sides of the speaking frequency area did not provide any new information on therapy effects when compared to the information already given by the full areas above and below the speaking frequency. Three months after the end of voice therapy, significant changes in the voice range profiles still occurred. In contrast to changes after therapy, which were characterized by increased possibilities at the lower frequencies and intensities, the follow-up data showed improvement at higher frequencies and intensities.
The enlargement on the low-frequency side of the VRP directly after voice therapy may be the result of the emphasis put on the speaking voice as well as phonation in the chest register during voice therapy. Furthermore, voice relaxation exercises may primarily stimulate the voice production at low frequency. An increase of the lower frequency formants caused by an acquired change of the shape of the vocal tract cannot be ruled out in this respect as well. The enlargement of the VRP 3 months after therapy may be the result of a patient's awareness during therapy of vocal hygiene instructions as given by the speech therapist and then, after finishing therapy, a weakening of compliance with these instructions.
The therapy effects appeared to be slightly dependent on gender. Generally, the beneficial changes were found to occur more in men than in women. An inexplicable difference between the therapy effects between men and women is the significant reduction in the slope of the regression line at the maximal intensity contour above the speaking frequency in women but not in men.
Differences between the diagnostic categories were not clear. Less pronounced differences might go unobserved, due to the diversity in phoniatric diagnoses and the relatively small number of patients in each category. The only clear observation was that the VRPs of patients with paralysis did not change much.
Even though no significant changes in some of the voice range profiles could be demonstrated, this does not imply that voice therapy had no beneficial effects at all on these subjects. It merely indicates that the effects could not be found by means of phonetography. As the voice is considered to be a multidimensional phenomenon, the evaluation of voice therapy will require a multidimensional assessment instrument, including instruments such as perceptual evaluation, laryngostroboscopy, and self-evaluation by the patient. 38 This aspect of multidimensionality can even be seen in the association between the parameters of the voice range profiles; no high correlations between the parameters were found. Looking at the parameters in which significant therapy effects were found, and considering the correlations found between the effects, the following parameters are recommended when evaluating the effects of voice therapy on the voice range profiles of chronically dysphonic patients. First, the investigator can choose among the surface area below the speaking frequency area, the minimum frequency, and the softest intensity. Second, the investigator can use the surface area above the speaking frequency area, the maximum frequency, or the loudest intensity level. Third, the surface area around the speaking frequency may be used; the total surface area may serve as a kind of integrated parameter.
